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We, E. L Du Pont de Nemours and 
Company, a Corporation organized and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wilmington 98, 
Delaware, United States of America, do here- 
by declare the invention for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to novel polymers, and 
more particularly to polymers containing car- 
bodiimide linkages. 

It is an object of the present invention to 
provide^ novel polymers which have outstanding 
properties in that they are capable of being 
formed into fibres, films, sheets, elastomers, 
and all types of shaped articles. A further ob- 
ject is to provide processes for the preparation 
of these novel polymers. 

The novel polymers of the present inven- 
tion are characterised by the fact that they are 
of a high molecular weight, that is, a molecular 
weight of at least 750, and that they consist 
essentially of more than two structural units of 
formula — R — N = C=N — (in which R is an 
organic bivalent or polyvalent radical) and 
obtainable by the intermolecular condensation 
of more than two molecules of organic di- and 
poly-isocyanates with the elimination of carbon 
dioxide. 

These novel polymers may be prepared by 
the treatment of an organic polyisocyanate with 
a phosphorus-containing catalyst of the type 
defined below. Any organic polyisocyanate 
may be used including aliphatic, cycloaliphatic, 
and aromatic types, or any combination of 
these. The polyisocyanates may contain other 
substituents, which are not reactive with the 
isocyanate groups. Thus the substituents should 
not contain active hydrogen which displays 
activity in the Zerewitinoff test. Polymeric poly- 
isocyanates may be used. The phosphorus-con- 
taining catalysts which may be used to pre- 
pare these novel polymers are die phospholines, 
phospholine oxide s and sulphides, phospholi- 



dines and phospholidine oxides and sulphides 
of the formulae set out below. 

The polymers of the present invention, can 
be made by treating an organic polyisocyanate 
with one of the phosphorus-containing cata- 
lysts. Reaction occurs between the isocyanate 
groups to form carbodiimide linkages with 
the liberation of carbon dioxide. 

The phosphorus-containing catalysts are sub- 
stituted phospholines have the formulae 

HC — CR 1 
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and substituted phospholidines having the 60 
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where R is a lower alkyl or phenyl radical; R l phospholidinc, and 1 - ethylphospholidine. 45 
is hydrogen or a lower alkyl or lower alkenyl Suitable phospholidinc oxides include 1-cthyl- 
radical; a, b, c and d each represent hydrogen, 3 - tnethylphospholidinc 1 - oxide and 1- 
halogen, lower alkyl, lower alkenyl, phenyl, or phenylphospholidine 1 - oxide. For purposes 
5 cyclohexyl, or a and b, b and c, or c and d rep- of preparing the novel polymers of the pre- 
resent together a polymethykne group which, sent invention, the preferred catalysts arc the 50 

together widi the two adjacent carbon atoms phospholine oxides and sulphides and the phos- 

in the heterocyclic ring, forms a cycloaliphatic pholidine oxides and sulphides, 
ring; and X is oxygen or sulphur. " Lower Catalytic amounts of these phosphorus-con- 

10 alkyl " and " lower alkenyl " as used herein taining compounds should preferably be used, 

mean alkyl or alkenyl groups respectively of such as from about 0.01 — 10.0 parts per 100 55 

not more than eight carbon atoms. parts of organic polyisocyanate. It is to be 

The phospholine oxides and sulphides are understood that the particular amount of cata- 

described in United States Patents Nos. lyst used will depend to a large extent on the 

15 2,663,737 and 2,663,738. The phospholidinc reactivity of the specific catalyst and organic 

oxides are described in United States Patent polyisocyanate being used. 60 
No. 2,663,739. The phospholines and phos- In preparing the novel polymers of the pre- 

pholidines may be prepared by a lithium alu- sent invention, the organic polyisocyanates may 

minium hydride reduction of the corresponding be polymerized in any convenient fashion, such 

20 dichloro phospholine or phospholidinc These as in bulk or in solution. As the polymcriza- 

dichioro compounds are also used to prepare tion proceeds, carbon dioxide is liberated and 65 

the above mentioned oxides and sulphides and it may be vented from die reaction medium if 

are described in United States Patent No. desired. When the polymerization is carried 

2,663,736. Representative phospholines in- out in solution, any inert solvent, such as ben- 

25 dude 1 - phenyl - 3 - phospholine, 3 - methyl- zene, toluene, xylene, acetonitrile, nitrometh- 

1 - phenyl - 3 - phospholine, 1 - ethyl - 3- ane, 2 - nitropropane, N - nitrosodimethyl- 70 

phospholine, 3 - isopropyl - 1 - phenyl - 3- amine, methyl amyl ketone, and anisole, may 

phospholine, and 3 - (4 - methyl - 3 - pen- be used. Reaction temperatures of from about 

tenyl) - 1 - phenyl - 3 - phospholine. Of the room temperature to about 300° C. may be 

30 phospholine oxides and sulphides which may used, with a preferred temperature range of 

be used, the following may be mentioned: 3- from 100 — 200° C. In a solution polymcriza- 75 

methyl - 1 - phenyl - 3 - phospholine 1-oxide, tion, the temperature of the reaction may be 

1 - ethyl - 3 - methyl - 3 - phospholine 1- conveniently controlled by choosing a solvent 

oxide, 1 - ethylphenyl - 3 - methyl - 3 - phos- which refluxes at the desired temperature and 

35 pholine 1 - oxide, 3 - (4 - methyl - 3 - pen- then maintaining the reaction mixture at reflux, 

tenyl) - 1 - phenyl - 3 - phospholine 1 - oxide, It is readily apparent that the length of time 80 

3 - chloro - 1 - phenyl - 3 - phospholine 1- necessary to complete the polymerisation of the 

oxide, 1,3 - diphenyl - 3 - phospholine 1 - organic polyisocyanate will depend to a large 

oxide, 1 - ethyl - 3 - methyl - 3 - phospholine extent on the reactivity of the organic polyiso- 

40 1 - sulphide, 1 - phenyl - 3 - phospholine 1- cyanate, the catalyst and the temperature, 

sulphide, and 2 - phenylisophosphindoline 2- When the polymers of the present invention 85 

oxide. Representative phospholidines include are prepared from an organic diisocyanate, the 

1 - phenylphospholidine, 3 - methyl - 1- reaction may be illustrated as follows: 
phenylphospholidine, 1 - eihyl - 3 - methyl- 
Catalyst 

x OCN—R — NCO >-(~R — N = C = N-) x - +x C0 2 



wherein R is a bivalent organic radical and x 

90 is an integer greater than 2. It is readily ap- 
parent that the resulting polymer will be sub- 
stantially linear. 

Representative organic diisocyanates which 
may be used include 2,4-tolylene diisocyanate, 

95 w-phenylene diisocyanate, 4,4 l - methylene- 
(di - p - phenylene) diisocyanate, 4 - chloro- 
1,3 - pli£nylene diisocyanate, 4,4* - biphcnylenc 
diisocyanate, 1,5 - naphthylene diisocyanate 
tetramethylene diisocyanate, hexamethylene di- 

100 isocyanate, decamediylene diisocyanate, 1,4- 
cyclohexylene diisocyanate, 4,4* - methylenedi- 
cyclohexylene diisocyanate, and 1.5 - tetra- 
hydronaphthylcnc diisocyanate. For purposes 
of the present invention, aromatic diisocyanates 

105 are preferred. Mixtures of two or more organic 
diisocyanates may be used, in which case the 



bivalent organic radical R in the above formula 
will not be the same in each recurring unit 

Organic triisocyanatcs, such as 2,4 9 6 - tri- 
isocyanatotoluene and p - isocyanatophenyl 110 
2,4 - diisocyanatophenyl ether may be used to 
prepare polymers within the scope of the pre- 
sent invention, in which case the resulting poly- 
mers are substantially cross-linked. 

Organic polymers having free isocyanate 115 
groups may also be used to prepare the novel 
carbodiimide polymers of the present inven- 
tion. Representative isocyanate - containing 
polymeric organic compounds may be obtained 
by the reaction of a polymeric material which 120 
contains terminal hydroxyl, amino or carboxyl 
groups, with a molar excess of a polyisocyan- 
ate. In the case of a glycol such as polyalkyl- 
eneether glycol, an isocyanate-terminated poly- 
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ether pciy methane is obtained. Representative 
glycols which may be used include polyalkyl- 
eneether glycols, polyalkylenearyleneether gly- 
cols polyalkylencether-thioether glycols, poiy- 
5 alkylene - aryleneether - thioedier glycols, 
polyester glycols, and polyhydrocarbon 
glycols. For the purposes of the present 
invention, a polyalkyleneether glycol, more 
specifically a polytetramethyleneether glycol, is 

10 preferred. It is to be understood that mixtures 
of two or more organic polymers containing 
free isocyanate groups may be used. 

Polymeric compounds having more than two 
free isocyanate groups may be treated with the 

15 phosphorus-containing catalysts to prepare 
novel carbodiimide polymers within the scope 
of the present invention. These polymeric 
compounds may be prepared, for example, 
from trifunctional reactants. Thus, one mol 

20 of castor oil may be reacted with 3 mols of a 
diisocyanate to obtain a compound having 
three reactable isocyanate groups per molecule. 
One mol. of trimethylol propane, 2 mols of 
polytetramethyleneether glycol and 2 mols of 

25 adipic acid may be reacted to form a poly- 
ester having three hydroxyl groups per mole- 
cule. This polyester is then reacted with 3 
mols of a diisocyanate to form a polymer 
having three reactable isocyanate groups per 

30 molecule. r 
In the preparation of the polymers of the in- 
vention, essentially all the isocyanate groups 
are utilized to form carbodimide linkages and, 
as a result, the resulting polymers are relatively 

35 stable. 

The carbodiimide polymers of the invention 
may be formed into a wide variety of shaped 
articles, including fibres, films, and sheets. 
Solutions can be used for coating surfaces and 

40 to form supported or unsupported films. The 
polymers show good adhesion to glass and are, 
therefore, useful as glass finishes. Polymers 
which are prepared from organic com- 
pounds containing more than two free 

45 isocyanate groups are particularly use- 
ful in the preparation of cellular pro- 
ducts. In addition to the above uses 
the polymers of the present invention, more 
particularly the substantially linear polymers 

50 which are prepared from isocyanate-terminated 
polyurethanes, e.g., those prepared from a 
polyalkyleneether glycol with a molar excess 
of an organic diisocyanate, may be cured to 
form highly useful elastomers. Depending on 

55 the types of diisocyanate which are used, the 
curing of these polymers may be effected by 
various curing procedures. The substantially 
linear polymers may be cured with peroxides 
in the conventional way by incorporating about 

60 1—3 % of a peroxide, such as dicumyl per- 
oxide or benzoyl peroxide, and then heating. 
Polymers having aliphatic unsaturation in the 
molecule may be cured with sulphur. In par- 
ticular, those polymers having side chains ter- 

05 mmating in — CH = CH 2 groups give excellent 



cures with sulphur. A sulphur curable poly- 
mer may be prepared by treating with the 
phosphorus-containing catalyst, a mixture of a 
polymer containing terminal isocyanate groups, 
prepared from a molar excess of an organic di- 70 
isocyanate and a polyalkyleneether glycol, and 
an organic diisocyanate, prepared by reacting 
a molar excess of an organic diisocyanate with 
a non - polymeric glycol containing a side 
chain unsaturated group. 75 

The substantially linear polymers of the pre- 
sent invention may be reacted with ammonia or 
amines to form highly useful polymers which 
contain a plurality of guanidine linkages. When 
a monoamine, such as aniline or tert-butyl- 80 
amine, is used to react widi a carbodiimide 
polymer, the resulting product is a substantially 
linear polymer containing a plurality of guani- 
dine groups. When a diamine, such as bis(4- 
aminocyclohexyl)methane, ethylenediamine, 85 
nexamediylenediamine, and 2,4 - tolylenedi- 
amine, is used, the resulting product is a sub- 
stantially cross-linked polymer containing a 
plurality of guanidine groups. These guanidine 
polymers may be formed into a wide variety of 90 
shaped articles, such as fibres, and films. The 
substantially cross-linked guanidine polymers 
are particularly suitable as elastic fibres. 

Similarly, the linear polymers of this inven- 
tion may De reacted with alcohols or glycols to 95 
yield highly useful polymers containing a plur- 
ality of isourea ether linkages. 

The novel polymers of the present invention 
may be compounded with various agents, such 
as carbon black, clay, silica, talc, zinc and mag- 100 
nesium oxides, calcium and magnesium carbon- 
ate, titanium dioxide, and plasticizers. In ad- 
dition, organic and inorganic colouring agents 
may be incorporated with the polymers to give 
well-defined colours. * jqS 

The following Examples illustrate without 
limiting the invention. Parts are by weight 
unless otherwise indicated. The initial modulus 
is determined by measuring the initial slope of 
the stress-strain curve. Tensile recovery is the 110 
percentage return to the original length with- 
in one minute after the tension has been re- 
l™, rom a sam P le which has been elongated 

me . 0f 100% P er minute and 
at 3U/ 0 elongation for one minute. Stress de- 115 
cay is the percent loss in stress in the yarn one 
minute after it has ben elongated to 50°/ at 
the rate of 100% per minute. 

Example I. 

m A mixture of 25 parts of 2,4 - tolylene di- 120 
isocyanate and 0.2 part of 3 - methyl - 1- 
pnenyl - 3 - phospholine is heated at 100° C 
Carbon dioxide is evolved, and after three 
nours, the reaction mixture has thickened to a 
solid mass. After an additional half-hour at 125 
156° C, the poly(2,4 - tolylenecarbodiimidc) 
is pressed into a film at 250—300° C. In- 
frared examination of this tough, polymeric 
film shows a high concentration of carbodi- 
imide linkages with no evidence of residual iso- 130 
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cyanate groups, or urea linkages. The infrared 
band at 475 microns is characteristic of the 
carbodiimide group. The polymer may be 
moulded at 250—300° C, but the tcmpera- 

5 ture at which it leaves a molten trail on a hot 
bar is about 350° C. 

In a similar manner, 5 - tert - butyl - 2- 
methyl - 1,3 - phenylene diisocyanate, 4,4'- 
oxydiphenylenc diisocyanatc, 2,4,6 - trimethyl- 

10 1,3 - phenylene diisocyanate and durylene di- 
isocyanatc may be polymerized. 

Example II. 
A mixture of 10 parts of 2,4 - tolylene di- 
isocyanate and 0.03 pan of 1 - ediyl - 3- 

15 methyl - 3 - phospholine 1 - oxide is heated 
in decahydronaphthalene to reflux. Within five 
minutes, the polymer precipitates from the 
solvent in the form of small, fluffy particles. 
The poly(2,4 - tolylenc-carbodiimide) is fil- 

20 tered, dried, and pressed at 275° C. into clear 
film which can be cold drawn. The film has 
an extremely high order of resistance to tear. 
Thin pieces of the film are boiled with 10%- 
sulphuric acid, 10% sodium hydroxide, and 

25 10% ethanolamine in water. Infrared spectra 
of the various samples indicate substantially 
no attack by these reagents on the film. 

4,4 l - Methylenedicyclohexylene diisocyan- 
ate may be polymerized in a similar manner 

30 to yield a hard polymer which may be pressed 
into a film. 

Example III. 
Methylenedi(p - phenylene) diisocyanate is 
polymerized according to the method described 

35 in Example I, using 3 - methyl - 1 - phenyl- 
3 - phospholine as a catalyst, except that the 
final heating period is one hour at 180° C. 
The hard, solid polymer is pressed into a clear, 
yellowish film at 300° C. The film is tough 

40 and may be flexed through 180° repeatedly 
without cracking. Infrared examination shows 
the characteristic band at 4.75 microns. The 
poly [methylendi(p-phenylene)carbodiimide] is 
analyzed for carbon, hydrogen, and nitrogen 

45 content. Calculated for Ci.,H, 0 N 2 : C, 
81.52%; H, 4.89%; N, 13.59%. Found: C, 
81.78%; H, 4.94% 0 ; N, 12.7%. 

Example IV. 
A mixture of 20 parts of mcthylenedi(p- 

50 phenylene) diisocyanate, 0.03 parts of l-ethyl- 
3 - methyl - 3 - phospholine 1 - oxide, and 
130 parts of xylene is heated to reflux. After 
about 3J hours, the precipitation of polymer 
appears to be complete. The polymer is iso- 

55 lated by filtration, washed with benzene, and 
dried. Some of the product precipitates in the 
form of short lengths of fibre. These are drawn 
over a hot pin at 150° C. and possess the fol- 
lowing average properties: tenacity, 3.9 gpd; 

60 elongation, 20% ; initial modulus, 35 gpd. X- 
ray examination of these fibres shows a very 
high degree of orientation coupled with about 
30% crystallinity. 

Example V. 

65 A solution of 10 parts of 3,3* - dimethoxy- 



4,4' - biphcnylenc diisocyanate and 0.4 part of 
3 - methyl - 1 - phenyl - 3 - phospholine is 
heated to reflux in 87 parts of xylene. After 
four hours, the polymer begins to precipitate. 
The mixture is heated for an additional hour, 70 
and the polymer is then filtered, washed with 
benzene, and dried. The solid, white polymer 
displays an infrared absorption band at 4.75 
microns. The dry polymer is pressed to a clear, 
slightly yellowish film at temperatures from 75 
200—250° C. Strips of this film may be 
oriented by elongating to four times the origi- 
nal length over a hot pin at 120 — 150° C. lu 
yield samples showing a strong birefringence 
under the polarizing microscope. The drawn 80 
film strips show a high degree of orientation 
and about 30% crystallinity when examined 
by X-ray techniques. Calculated for 
C,J9 i8 N 3 O s : C, 71.4%; II, 4.8%; N, 11.1%. 
Found: C, 70.8%; H, 4.6 /,; N, 10.8%. A 85 
film of the polymer exhibits outstanding elec- 
trical insulating properties. 

Example VI. 
To a solution of 15 parts of hexamethylene 
diisocyanate in 22 parts of xylene is added 90 
about 0.15 part of 1 - ethyl - 3 - methyl - 3- 
phospholinc 1 - oxide. The mixture is heated 
to reflux and after six hours the polymer has 
precipitated. The product is removed, sus- 
pended in acetone, and cut to fine particles in 95 
a Waring Blendor. The polymer is a non- 
tacky, rubbery product which may be pressed 
into films. The polymer shows the character- 
istic infrared band at 4.75 microns. 

Example VII. 100 

A mixture of 7 parts of 4 - isopropyl - 1,3- 
phenylcne diisocyanatc, 0.03 part of 1- 
ethyl - 3 - methyl - 3 - phospholine 1 - oxide, 
and 68 parts of decahydronaphthalene is 
heated to reflux. After four hours, no polymer 105 
precipitates, but the infrared spectrum of the 
solution shows a strong carbodiimide 
band with no residual tsocyanate func- 
tionality. The solvent is partially evaporated 
and the polymer is precipitated by the addi- 110 
tion of petroleum ether. There is obtained 
4.3 parts of the polycarbodiimide. It is mould- 
able into a tough film at 250° C. 

Example VIII. 

A mixture of 15 parts of 4,4* - biphenylene 115 
diisocyanate, 0.03 part of 1 - ethyl - 3-methyl- 
3 - phospholine 1 - oxide, and 130 parts of 
xylene is heated to reflux. After four hours 
of reflux, a fine, white precipitate is filtered 
washed twice with benzene,, and dried. The 120 
poly(biphenylenccarbodiimlde) so obtained is 
converted under pressure at 320° C. to a clear 
slightly yellowish, tough film. The polymer is 
over 30% crystalline as determined by X-ray 
methods. 125 
Example IX. 

To a solution of 20 parts of 3,3* - dimethyl- 
4,4 1 - biphenylene diisocyanate in 175 parts 
of xylene is added 0.5 part of 3 - methyl - 1- 
phenyl - 3 - phospholine. The mixture is re- 130 
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fluxed for about 24 hours, after which the pre- 
cipitated polymer in the form of bright yellow 
fibrils is filtered, washed, and dried in the 
usual manner. A tough film is obtained from 

5 the polymer by pressure at 275° C. A portion 
of the film, when ignited in a frame, is self- 
extinguishing when removed from the flame. 
Example X. 
A mixture of 25 parts of 3,3 1 - dimethoxy- 

10 4,4* - biphenylene diisocyanate and 22.1 parts 
of methylene di(p - phenylene) diisocyanate 
with 0.03 part of 1 - ethyl - 3 - meihyl - 3- 
phospholine 1 - oxide, is dissolved in 260 parts 
of xylene and refluxed overnight. The poly- 

15 mcr, isolated and dried in the usual manner, 
is pressed into stiff, clear film at 225° C. The 
film may be cold drawn. 

In a similar manner, a mixture of 25 parts 
of 3 J 1 - dimcthoxy - 4,4 l - biphenylene di- 

20 isocyanate and 25 parts of 3,3 1 - dimethyl- 
4,4 l - biphenylene diisocyanate is polymerized. 
Example XI. 
A mixture of 50 parts of polyethylene glycol 
of a molecular weight about 1000, 26.1 parts of 

25 2,4 - tolylene diisocyanate, and 0.05. parts of 
thionyl chloride are heated at 90—95° C. for 
one hour. To the polyether now bearing iso- 
cyanate end groups is added 1.5 parts of 3- 
methyl - 1 - phenyl - 3 - phospholine. The 

30 mixture is mixed in a Werner-Pfleiderer mixer 
at 70—100° C. for two hours. During this 
period, carbon dioxide is evolved and the mass 
thickens. The mixture is then milled on a rub- 
ber mill for one hour at 70° C. and then for 

35 one-half hour at 100° C When moulded 
under pressure at 120° C, a clear amber 
rubbery sheet is obtained, which has good snap 
and elasticity. 

Example XII. 

40 . (A) Dry polytetramethyleneether glycol hav- 
ing an average molecular weight of approxi- 
mately 1000 is reacted with 2,4 - tolylene di- 
isocyanate in a 2: 1 molar ratio by heating for 
three hours on the steam bath under nitrogen 

45 so as to form a hydroxyl - terminated poly- 
mer. A mixture of 76.5 parts of this poly- 
mer and 19.1 parts of methylenedi(p - phenyl- 
ene) diisocyanate is heated for "one hour on the 
steam bath to yield a polymer with terminal 

50 isocyanate groups. 0.6 Part of 3 - methyl - 1- 
phenyl - 3 - phospholine and 260 parts of 
xylene are added. The mixture is refluxed 
for three hours, after which time a viscosity 
suitable for spinning is achieved. The viscous 

55 solution is dry-spun in the conventional manner 
to give 27-denier, elastic fibres. A 5-filament 
yarn has a tenacity of 0.5 gpd, an elongation 
of 554%, and an initial modulus of 0.01 gpd. 
The filaments stick to a hot bar at about 165° 

60 C. A film cast from the viscous solution is« 
clear and extremely tough. 

(B) The polymer of (A) above with ter- 
minal isocyanate groups is copolymerized 
with 10% by weight of methylenedi(/>-phenyl- 

65 ene) diisocyanate by the process described in 



(A) above, using 1 - ethyl - 3 - methyl - 3- 
phospholine 1 - oxide as a catalyst. Yarn pre- 
pared in similar fashion has a softening tem- 
perature of about 190° C. 

(C) A portion of the viscous solution used 70 
for spinning in (A) above is wet spun into a 
precipitating bath consisting of about 1% by 
weight of bis(4 - aminocyclohexyl) - methane 
in hexane. Due to cross-linking produced by 
reaction of the diamine with the carbodiimide 75 
linkages to form guanidine groups, the fibre 
sets up rapidly and is wound up readily. After 
a boil-off in water for 45 minutes, the elastic 
monofilament yam has a tenacity of 0.22 gpd, 
elongation of 455%, initial modulus of 0.04 80 
gpd, stress decay of 12%, and tensile recovery 
of 92%. y 

Example XIII. 
A mixture of 33.7 parts of polytetramethyl- 
eneether glycol having an average molecular 85 
weight of about 2000 is heated on the steam 
bath for 1£ hours with 8.7 parts of methylene- 
di(p - phenylene) diisocyanate. The reaction 
product is diluted with 190 parts of xylene 
containing 0.1 part of 1 - ethyl - 3 - methyl- 90 
3 - phospholine 1 - oxide. After refluxing 
for about 1 hour, a viscous solution suitable 
for spinning is obtained. This solution remains 
free of gel for over 48 hours. A yarn, when 
prepared from this viscous solution as in Ex- 95 
ample XII, has similar physical properties. The 
viscous solution may be cast to yield a clear, 
very tough, snappy sheet of elastomer. A strip 
of this sheet elongated 600% shows good re- 
covery. ~ 10Q 

Example XIV. 

A polyester with hydroxyl end groups and 
a molecular weight of about 2000 is prepared 
in the usual manner by heating sebacic acid 
with excess 2,2 - diethylpropanediol. Water 105 
and finally a small amount of excess glycol are 
removed at reduced pressure. 

A mixture of 23 pans of this polyester was 
heated for 1.5 hours on the steam bath with 
5.8 parts of methyienedi-(/> - phenylene) diiso- 1 10 
cyanate. The reaction mixture is then diluted 
with 85 parts of xylene containing 0.1 part 

nv-L~ " I" methyl " 3 " Phospholine 1- 
oxiae. After about one hour at reflux a very 
viscous solution is obtained. A slab of tough, 115 
clear, rubber-like polymer is obtained by cast- 
ing this solution. A strip of this polymer 
stretched 700% returns to a length about 107 
greater than the original length. The polymer! 
insoluble m tetrahydrofuran, dimethylform- 120 
amide, and acetone, may be moulded at 200° 
C. and 10,000 psi into a clear film which may 
be elongated to 600% of its original length. 
Example XV. 
145 Parts of polytetramethyleneether glycol 125 
having an average molecular weight of 3400 is 
heated with 17.1 parts of 2,4 - tolylene diiso 
cyanate at 100° C. for two hours. The cooled 
product is transferred to a Werner-Pfleiderer 
mixer. After the addition of 0.8 part of 3- 130 
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methyl - 1 - phenyl - 3 - phospholine, mixing 
is carried out at 80—100° C. for four hours. 
The tough, rubbery mass is milled on a rubber 
roll mill to give a rough, nervy sheet, a por- 
5 tion of which is moulded under pressure for 
one hour at 132° C. The resulting elastomer 
has the following properties at room tempera- 
ture: tensile strength, 2400 psi; elongation, 
500%; modulus at 300% elongation, 486 psi. 

10 Example XVI. 

A mixture of 11.4 parts of 4,4 X - isopropyl- 
idene - diphenol and 25 parts of methylenedi- 
(p - phenylene) diisocyanate is refluxed in 85 
parts of xylene for two hours to yield essen- 

15 tially a diurethane having terminal isocyanate 
groups. 0.3 Part of 3 - methyl - 1 - phenyl- 
3 - phospholine is added and heating is con- 
tinued for about one-half hour at 140° C. 
Polymerization occurs rapidly, and the polymer 

20 is isolated as a hard, tough product Calculated 
for C 44 H*cN 4 0 4 : c, 77.2%; H, 5.3%; N, 
8.2%. Found: C, 77.5%; H, 52%; N, 7.6%. 

Example XVII. 
A solution of 13.6 parts of m - (1 - isocy- 

25 anatoethyl) - phenyl isocyanate in 85 parts of 
xylene is heated to the boiling point and 0.02 
part of 3 - methyl - 1 - phenyl - 3 - phos- 
pholine 1 - oxide is added. A very rapid 
evolution of carbon dioxide occurs within the 

30 first ten minutes. The rate of evolution then 
decreases, and several hours are required to 
complete the reaction. The polymer is pre- 
cipitated with petroleum ether, dried and 
pressed at 200° C. into a film, which is stiff, 

35 rather brittle, and less tough than films made 
from fully aromatic polycarbodiimides. 

Example XVIII 
A solution of 10 parts of 2,4 - tolylene di- 
isocyanate in 50 parts of boiling diphenyl- 

40 methane is treated with 0.03 parts of 1-ethyl- 
3 - methyl - 2 - phospholine 1 - oxide. A very 
vigorous evolution of carbon dioxide occurs. 
After approximately ten minutes at 260° C. 
the solution is cooled and the polymer precipi- 

45 tated by the addition of acetone. Poly(2,4-toly- 
lenecarbodiimide) is obtained in a yield of 
about 40% and may be pressed into a clear 
tough film. 

Example XIX. 

50 p - Nitrophenol and 2,4 - dinitrochloro- 
benzene are condensed in the usual manner to 
yield p - nitrophenyl 2,4 - dinitrophenyl ether, 
which is then reduced to the triamine. The tri- 
amino compound is phosgenated to yield p- 

55 isocyanatophenyl 2,4-diisocyanatophenyl ether. 
This compound is described in Specification 
No. 797,863. A solution of 10 parts of this 
triisocyanate in 68 parts of xylene is treated 
with 0.03 part of 1 - ethyl - 3 - methyl - 3- 

60 phospholine 1 - oxide. After about two hours 
at reflux, the hard, cream-coloured solid which 
precipitates is filtered and extracted with ben- 



zene. The polymeric product is completely in- 
fusible and cannot be moulded to a film. These 
properties are those of a three-dimensional 65 
structure. 

Example XX. 
A mixture of 5 parts of 2,4 - tolylene di- 
isocyanate and 0.03 part of 1 - ethyl - 3- 
methyi - 3 - phospholine 1 - oxide is heated 70 
under high vacuum at 100° C. for two hours, 
and then at 140° C. for two hours. A tough 
cellular chunk of foamed plastic is obtained 
having a volume several times that of the 
starting material. 75 

Example XXI. 

A mixture of 8 parts of m - phenylene di- 
isocyanate, 0.03 part of 1 - ethyl - 3 - methyl- 
3 - phospholine 1 - oxide, and 68 parts of 
decahydronaphthalcnc is heated to reflux. After 80 
about an hour, the precipitated polymer is iso- 
lated by decantation. It is washed several 
times with benzene and is air-dried. There is 
obtained a quantitative yield of poly(«/- 
phenylenecarbodiimide), which is about 30% 85 
crystalline as determined by X-ray examina- 
tion. Calculated for C ; H 4 N S : C, 72.4%; H, 
3.4%; N, 24.1%. Found: C, 72.3%; H, 
3.5%; N, 23.2%. 

In a similar manner p - phenylene diiso- 90 
cyanate, 4 - chloro - 1,3 - phenylene diiso- 
cyanate, and 4 - methoxy - 1,3 - phenylene 
diisocyanate are converted to carbodiimide 
polymers. 

Example XXII. 95 
50 Parts of 1,5 - naphthylene diisocyanate 
is polymerized in 180 parts of boiling deca- 
hydronaphthalene containing 0.1 part of 1- 
ethyl - 3 - methyl - 3 - phospholine 1 - oxide. 
After about two hours, a quantitative yield 100 
of pory(l,5 - naphthylenecarbodiimide) is ob- 
tained as a fine, white powder having a high 
degree of crystallinity as determined by X-ray 
methods. 

Example XXIII. 105 
195 Parts of castor oil having a hydroxyl 
number of 161 and 100 parts of 2,4 - tolylene 
diisocyanate arc mixed together and heated at 
90° C. for one hour. The resulting product 
contains three free isocyanate groups per 110 
molecule. The mass is cooled to about 50° 
C. and 2 parts of 3 - methyl - 1 - phenyl - 3- 
phospholine 1 - oxide is thoroughly stirred in. 
The mass is poured immediately into a mould 
and heated at 100° C. for two hours. A 115 
tough, flexible, cellular form is obtained. 

Example XXIV. 
275 Parts of polytetramethyleneether glycol 
having a molecular weight of 2730 is mixed 
with 57 parts of 2,4,6-triisocyanato toluene 120 
and heated at 90°C. for one hour. The resulting 
polymer has four free isocyanate groups per 
molecule. The mass is cooled to 50° C. and 
3.0 parts of 3 - methyl - 1 - phenyl - 3 - phos- 
pholine 1 - oxide is thoroughly mixed in and 125 
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the mass is poured into a mould and heated 
for two hours at 100° C The resulting cel- 
lular product is tough and resilient and is suit- 
able for use in foam-type cushions. 
5 Example XXV. 

(A) 1500 Parts of polytetramethyleneether 
glycol having a molecular weight of 1000 and 
522 parts of 2,4 - tolylene diisocyanate are 
stirred together at 80—90° C. for three hours. 

10 to form an isocyanate - terminated polymer. 
The mass is then cooled to room temperature. 

(B) 99 Parts of 3 - allyloxy - 1,2 - propane- 
diol is stirred with 260 parts of 2,4 - tolylene 
diisocyanate at 85° C. for two and one-half 

15 hours to form an isocyanate-tcrminated pro- 
duct. The mass is cooled to room tempera- 
ture. 

(C) The products from (A) and (B) are 
mixed together in a Werner-Pfleiderer mixer 

20 and 45 parts of 3 - methyl - 1 - phenyl - 3- 
phospholine 1 - oxide is mixed in. The mass 
is then mixed and heated to 100° C. for 
about two hours, at which time it is converted 
into a rubbery polymer containing side chain 

25 allyloxyrnethyl groups and intralinear carbo- 
diimide linkages. This polymer has an average 
of one allyloxyrnethyl group per 3000 mole- 
cular weight units. It is removed from the 
mixer and 100 parts is compounded on a rub- 

30 ber roll mill with 30 parts of high abrasion 
furnace black, 2 parts of 2,2 l - dithiobisbenzo- 
thiazole, 1 part of 2 - mercaptobenzothiazole, 
1 part of sulphur, and 0.8 part of zinc p- 
methoxydithiocarbanilate. The compounded 

35 stock is sheeted off the mill and cured in 
moulds in a press at 140° C. for 90 minutes. 
The resulting snappy elastomer has a tensile 
strength at the break, at 25° C, of greater 
than 4500 pounds per square inch. 

40 Example XXVI. 

1500 Parts of polytetramethyleneether gly- 
col, having a molecular weight of 3000, is 
heated with 174 parts of 2,4 - tolylene diiso- 
cyanate in a closed Werner-Pfleiderer mixer 

45 at 75° C. for three hours. 20 Parts of 3- 
methyl - 1 - phenyl - 3 - phospholine 1 - oxide 
is then added and mixing is continued for two 
hours. A rubbery mass is formed. 

100 Parts of this mass is then compounded 

50 on a rubber roll mill with 30 parts of high 
abrasion furnace black and 1 part of dicumyl 
peroxide and sheeted off the null. The mass is 
cured in moulds in a press at 135° C. for one 
hour to yield a tough, snappy elastomer. 

55 Example XXVII. 

(A) A mixture of 11 parts of 2,4 - tolylene 
diisocyanate, 41 parts of toluene, 3.3 parts of 
dimethyl sulphoxide and 0.03 part of 3- 
methyl - 1 - phenyl - 3 - phospholine 1 - oxide 

60 is refluxed for about one hour. The extremely 
viscous solution of poly(2,4 - tolylenecarbodi- 
imide) is poured into a rapidly agitated mix- 
ture of 15 parts of aniline and 87 parts of hot 
toluene in a Waring Blendor. A semi-solid 

65 curd-like material which can be pressed into 



clear, very stiff film at 275° C. precipitates. 
The infrared spectrum of this film displays an 
absorption band at 6.10 microns which is 
characteristic of the guanidine linkage. 

(B) The experiment described in (A) above 70 
is repeated except that tert-butylamine is sub- 
stituted for aniline. In this case the poly- 
guanidine reaction product remains in solu- 
tion and can be isolated by evaporation. This 
polymer, purified by dissolving in dilute 75 
aqueous hydrochloric acid followed by precipi- 
tation in aqueous ammonia, is dissolved in suf- 
ficient 10% sulphuric acid to yield a viscous 
solution of a poly(guanidinium sulphate) which, 
on 800-fold dilution with water, yields a solu- 80 
tion which foams readily on agitation. 
Example XXVIII. 

(A) A mixture of 10 parts of polytetra- 
methyleneether glycol having an average mole- 
cular weight of about 2000 is heated on the 85 
steam bath for one hour with 2.7 parts of 
methylenedifr - phenylene) diisocyanate. The 
reaction product is diluted with 260 parts of 
xylene containing 0.06 part of 1 - ethyl - 3- 
methyl - 3 - phospholine 1 - oxide. The 90 
mixture is refluxed for two hours, yielding a 
viscous solution. A portion of this solution is 
cast into a film which absorbs in the infrared 

at 4.75 microns, thereby showing the presence 
of carbodiimide linkages. The bulk of the 95 
viscous solution is reacted in a Waring Blendor 
with 90 parts of xylene containing 25 parts of 
tert-butylamine to form a polyguanidine. A 
film cast from this solution displays an absorp- 
tion band at 6.10 microns characteristic of the 100 
guanidine linkage, whereas the band at 4 75 
microns is absent. Evaporation of the solution 
yields tough, elastomeric polymer which is 
soluble in formic acid. 

(B) The carbodiimide polymer solution 105 
rrom (A) above is treated with excess gaseous 
ammonia. On evaporation a tough elastomer 
insoluble in formic acid is obtained, which may 

be pressed into a snappy film at 200° C 
WHAT WE CLAIM IS:— ' lla 

1. As new substances, polymeric compounds 
of molecular weight at least 750 consisting 
essentially of more than two structural units 
of formula — R — N=C=N — (in which R is 

an organic bivalent or polyvalent radical) and 115 
obtainable by the intermolecular condensation 
of more than two molecules of organic di- and 
poly-isocyanates with the elimination of carbon 
dioxide. 

2. Polymeric compounds according to claim 120 
1, wherein R is a bivalent aromatic radical. 

3. Polymeric compounds according to 
claim 2, wherein R is a 2,4 - tolylene or 
methylene - di - (p - phenylene) radical. 

4. Polymeric compounds according to claim 125 
1, wherein R is a bivalent polymeric radical. 

5. Polymeric compounds according to claim 
4, wherein R is the radical of a polyether oolv- 
urethane. r 3 

6. Polymeric compounds according to claim 130 
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5 3 wherein R is the radical of a polyalkylene 
ether polyurethane obtainable by the reaction 
of a polyalkylene ether glycol with a molar 
excess of an organic diisocyanate. 

7. Polymeric compounds according to claim 
6, wherein the polyalkylene ether polyurethane 
is obtainable by die reaction of a polytetra- 
methylene ether glycol with an organic diiso- 
cyanatc. 

8. Polymeric compounds according to claim 
1, substantially as described in the foregoing 
Examples. 

9. A process for the production of a poly- 
meric compound claimed in any of claims 1— -S 
which comprises containing an organic di- or 
poly-isocyanate with a catalyst consisting of a 
substituted phospholine of formula: 

HC— CR ! 



CH 0 



or 



b-C =. C~, 



1 ■ , 

CL—QH CH—d 

or a substituted phospholidine of formula 
H 2 C _ CHR' 

I 



or 



b-CH — HC —c 
(b—CH HC — d 



wherein R is a lower alkyl or phenyl radical, 
R A is a hydrogen atom or a lower alkyl or 
lower alkenyl radical, a, b, c and d each rep- 
resent a hydrogen or halogen atom or a lower 
alkyl, lower alkenyl, phenyl or cyclohexyl 
group, or represent polymethylene groups 
which, together with two adjacent carbon 
atoms in the heterocyclic ring, form a cyclo- 
aliphatic ring, and X is an oxygen or sulphur 
atom. 

10. Process according to claim 9, wherein 
the organic diisocyanate is contacted with the 
catalyst at a temperature of 100—200° C. 

11. Process according to claim 9 or 10, 
wherein the diisocyanate is in solution in an 
organic solvent which is inert with respect 
thereto. 

12. Process according to any of claims 
9 — ii, wherein the catalyst is a phospholine or 
phospholidine oxide or sulphide. 

13. Process according to any of claims 9 — 
12, wherein the di- or poly-isocyanatc is con- 
tacted with 0.01 to 10% of its weight of the 
catalyst. 

14. Process for the production of a poly- 
meric compound according to claim 9, sub- 
stantially as described in the foregoing Ex- 
amples. 

15. Polymeric compounds containing di- 
carbodiimide groups obtained by a process 
claimed in any of claims 9 — 14. 

16. Filaments, films and other shaped 
articles comprising a polymeric compound 
claimed in any of claims 1 — 8 or 15. 

17. Filaments, films and other shaped 
articles comprising material obtained by curing 
a polymeric compound claimed in any of 
claims 1 — 8 or 15. 

18. Filaments, films and other shaped 
articles according to claim 16 or 17 substan- 
tially as hereinbefore described. 

19. Process for the production of polymers 
containing a plurality of guanidine linkages 
which comprises reacting a polymeric com- 
pound claimed in any of claims 1 — 8 or 15 
with an amine or ammonia. 

20. Polymers containing a plurality of gu- 
anidine linkages obtained by a process claimed 
in claim 19. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
9, Staple Inn, London, W.C.1. 
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